MOTOR CONTROL APPARATUS AND MOTOR CONTROL METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a control apparatus 

that controls an AC motor. 

2. Description of the Related Art 

The wave height value of a fundamental wave voltage can 
be increased and thus, the motor output in a high rotation 

10 rate range can be increased by applying a single pulse 

rectangular wave voltage instead of a sine wave PWM voltage 
when applying a voltage to an AC motor with an inverter. The 
phase of the voltage applied to the motor can be controlled, 
but the amplitude of the voltage cannot be controlled in motor 

15 control implemented by using a rectangular wave voltage, since 
the voltage amplitude is determined in correspondence to a 
DC source voltage (DC link voltage) at the inverter. For 
this reason, the motor torque cannot be controlled accurately 
through such motor control. 

20 There is a motor control apparatus in the related art 

that addresses this problem by estimating the motor torque 
with a torque estimating instrument and controlling the voltage 
phase based upon the deviation between a torque command value 
and the estimated value (see Japanese Laid Open Patent 

25 Publication No. 2000-050689). By utili zing this motor control 
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apparatus, a torque which corresponds to the torque command 
value is obtained. 

SUMMARY OF THE INVENTION 
5 However, it is difficult to achieve quick response in 

the torque control with the motor control apparatus in the 
related art described above, which controls the motor torque 
by feeding back the estimated value to the motor torque command 
value based upon the relationship between the motor torque 

10 and the voltage phase in a steady state. 

The present invention provides a motor control apparatus 
which improves performance in controlling the torque when a 
synchronous motor is driven with a rectangular wave voltage. 
A motor control apparatus that drives a 3-phase 

15 synchronous motor by applying a 3-phase rectangular wave 
voltage to the 3-phase synchronous motor in the present 
invention comprises a current detection device that detects 
a current flowing to the synchronous motor, a current 
conversion device that converts through a coordinate 

20 conversion the current detected by the current detection device 
to a d-axis current and a q-axis current in a dq-axis coordinate 
system which rotates in synchronization with rotation of the 
motor, a phase calculation device that calculates a phase of 
the rectangular wave voltage based upon a q-axis current 

25 deviation between a q-axis current command value and the q-axis 
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current and a power conversion device that generates the 
rectangular wave voltage having the phase calculated by the 
phase calculation device from a DC source. 

In a motor control method for driving a 3-phase 
5 synchronous motor by applying a 3-phase rectangular wave 
voltage, a current flowing to the synchronous motor is detected, 
the detected current is converted through a coordinate 
conversion to a d-axis current and a q-axis current in a dq-axis 
coordinate system which rotates in synchronization with 
10 rotation of the motor, a phase of the rectangular wave voltage 
is calculated based upon a q-axis current deviation between 
the q-axis current and a q-axis current command value and the 
rectangular wave voltage is generated having the phase having 
been calculated from a DC source. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows the relationship between dq- axis voltages 
vd and vq and a rectangular wave voltage phase 5 ; 

FIG. 2 shows the structure adopted in the motor control 
20 apparatus achieved in a first embodiment ; 

FIG. 3 shows the waveform of a U-phase rectangular wave 
voltage; 

FIG. 4 shows the waveform of a U-phase sine wave PWM 
voltage; 

25 FIG. 5 shows the structure adopted in the motor control 
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apparatus achieved in a second embodiment; 

FIG. 6 shows the structure adopted in the motor control 
apparatus achieved in a third embodiment; 

FIG. 7 shows the structure adopted in the motor control 
5 apparatus achieved in a fourth embodiment; and 

FIG. 8 shows the results of a torque response simulation 
executed by using the motor control apparatus in the fourth 
embodiment . 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The circuit equation in a dq-axis coordinate system which 
rotates in synchronization with the rotation of a permanent 
magnet synchronous motor can be expressed as in (1) below. 
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In expression (1) vd represents a d-axis voltage, vq 
represents a q-axis voltage, Ld represents a d-axis inductance, 
Lq represents a q-axis inductance, R represents an armature 
resistance, co e represents an electrical angular speed of the 
motor, id represents a d-axis current equivalent to the field 
current at the motor, iq represents a q-axis current equivalent 
to the torque current at the motor, represents the number 
of magnetic flux interlinkages attributable to the permanent 
magnet and p represents a differential operator. 

In a steady state in which the motor load, i.e., the 
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current, remains substantially constant, expression (1) may 
be approximated to (2) . 

"Vd 

When the motor is rotating at high speed, the voltage 
5 attributable to the armature resistance R, the d-axis current 
id and the q-axis current iq does not have as much influence 
as the voltage attributable to the d-axis inductance Ld, the 
q-axis inductance Lq, the d-axis current id and the q-axis 
current iq. Thus, expression (2) can be further approximated 
10 to (3) below. 

"Vd 
Vq 

(3) 

vd and vq may be expressed as in (4) and (5) below by 
using a rectangular wave voltage phase 5 and FIG. 1 illustrates 

15 the relationship as expressed in (4) and (5). 
vd = -Vdq- sin 8 (4) 
vq = Vdq- cos 5 (5) 

Vdq in expression (4) and (5) indicates the size of the 
voltage vector (hereafter simply referred to as a dq-axis 

20 voltage) in the dq-axis coordinate system, which can be 

expressed as in (6) below by using the DC source voltage (DC 
link voltage) Vdc of the inverter when the motor is driven 
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with a rectangular wave voltage. 
Vdq = V(6) -Vdc/TT (6) 

In the following expression (7) is derived by using 
expression (3) and expression (4). 
5 iq = Vdq • sin 5 /Lq • o> e (7) 

Expression (7) indicates that when the motor is rotating 
at high speed in a steady state, the q-axis current iq changes 
sinusoidally relative to the voltage phase 5 . In addition, 
since iq increases monotonously relative to 5 when 6 is within 
10 the range of -k/2 to n/2, the q-axis current which is. the 
torque current can be controlled by manipulating 5 . 

Accordingly, a control method for adjusting the motor 
torque by controlling the q-axis current iq which is the torque 
current through manipulation of the voltage phase 5 is 
15 explained below. 

( first embodiment ) 

FIG. 2 shows the structure of the motor control apparatus 
achieved in the first embodiment of the present invention. 
An iq* generator 1 generates a q-axis current command value 
20 iq* in correspondence to a torque command value Te* for a 
synchronous motor 8. The iq* generator 1 may be constituted 
as, for instance, a map of iq* in which the torque and the 
motor speed are used as variables. 

A phase speed calculator 10 calculates through an 
25 arithmetic operation the electrical rotational speed coe and 
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an electrical rotational angle 6 e of the motor 8 based upon 
the mechanical rotational angle of the synchronous motor 8 
detected with a position sensor 9 which may be a resolver. 
A dq — 3-phase converter 11 determines the q-axis current iq 
5 through a coordinate conversion of 3-phase AC currents iu, 
iv and iw executed by using expression (8) presented below. 



It is to be noted that the U-phase current iu and the 
V-phase current iv are respectively detected with current 

10 sensors 6 and 7. In addition, the W-phase current iw is 
calculated by using the following expression (9). 
iw = -iu - iv (9) 

A subtractor 2 and a PI q-axis current controller 3 are 
employed to implement feedback control of the q-axis current 

15 iq. A subtractor 9 calculates the difference (iq* - iq) 
between the q-axis current command value iq* calculated by 
the iq* generator 1 and the q-axis current iq. The PI q-axis 
current controller 3 determines the phase 5 of the rectangular 
wave voltage through PI control (proportional • integral 

20 control) so as to reduce the q-axis current deviation (iq* 
- iq) to 0. 

FIG. 3 shows the relationship between the phase 5 of 
the rectangular wave voltage and the voltage amplitude, which 
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is achieved when the motor is driven with the rectangular wave 
voltage. It is to be noted that the relationship between 
the phase 5 of the sine wave PWM voltage and the voltage 
amplitude achieved when the motor is driven with a sine wave 
PWM voltage is shown in FIG . 4. 

A pulse generator 4 generates a 3-phase rectangular wave 
voltage to be applied to the motor 8 based upon the rectangular 
wave voltage phase 5 and the electrical rotational angle 0 e 
of the synchronous motor 8 . In standard vector control through 
which the d-axis current and the q-axis current are controlled 
independently of each other, the d-axis voltage vd and the 
q-axis voltage vq are converted to 3-phase AC voltages vu, 
vv and vw through a coordinate conversion based upon the 
following expression (10). 
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By incorporating expressions (4) and (5) in expression 
(10) , expression (11) below is obtained. 
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It is to be noted that while expression (11) indicates that 
the voltage applied to the motor 8 is a sine wave voltage, 
a 3-phase rectangular wave voltage corresponding to the sign 
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of the sine wave is applied to the motor 8 when the motor is 
driven with a rectangular wave voltage. 

An inverter 5 drives a switching element in conformance 
to a rectangular wave voltage command generated at the pulse 
5 generator 4, generates a 3-phase rectangular wave voltage with 
the phase 6 from a DC source (DC link) and applies the 3-phase 
rectangular wave voltage to the motor 8 . 

When operating the inverter 5 through rectangular wave 
voltage control, a fundamental wave voltage which is higher 

10 by a factor of 27. 3% than the fundamental wave voltage in 
sine wave PWM voltage control can be applied to the motor. 
In addition, while there is a method of improving the rate 
of voltage utilization by superimposing a tertiary higher 
harmonic wave on a sine wave is known in the related art, a 

15 fundamental wave voltage higher than the fundamental wave 
voltage achieved in this method by a factor of 10. 3% can be 
applied to the motor by operating the inverter 5 through the 
rectangular wave voltage control in this embodiment. 

As described above, the motor control apparatus achieved 

20 in the first embodiment feeds back the q-axis current iq to 
the q-axis current command value iq*, determines the 
rectangular wave voltage phase 5 by implementing PI control 
to reduce the q-axis current deviation (iq* - iq) to 0 and 
applies the 3-phase rectangular wave voltage with the phase 

25 8 tothemotor. As a result , a higher fundamental wave voltage 
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than that in sine wave PWM voltage drive can be utilized and 
the motor output in the high speed range is increased. In 
addition, since the q-axis current equivalent to the torque 
current can be controlled with a high degree of accuracy, the 
5 accuracy of the torque control improves as well. 
( second embodiment ) 

In the first embodiment, the q-axis current iq is fed 
back to the q-axis current command value iq* and PI control 
is executed on the deviation (iq* - iq) . In this case, if 

10 the control cycle lengthens, it becomes difficult to set the 
PI control gains (the proportional P gain and the integral 
I gain) to high values and thus, the response in the q-axis 
current control is lowered. Accordingly, the motor control 
apparatus achieved in the second embodiment includes a 

15 feed-forward compensator as an addition to the structure 
adopted in the motor control apparatus in the first embodiment 
to improve the response of the q-axis current control. 

FIG. 5 shows the structure adopted in the motor control 
apparatus in the second embodiment. It is to be noted that 

20 the same reference numerals are assigned to components similar 
to those in the motor control apparatus in the first embodiment 
shown in FIG. 2 to preclude the necessity for a repeated 
explanation thereof . 

A feed-forward 5 compensator 101 determines a 

25 compensating phase 5 1 to be used to compensate a rectangular 
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wave voltage phase 8 0 calculated at the PI q-axis current 
controller 3 based upon the electrical angular speed coe of 
the motor 8, the dq-axis voltage Vdq and the q-axis current 
command value iq* . An adder 102 determines the rectangular 
5 wave voltage phase 5 by calculating the sum of the rectangular 
wave voltage phase 5 0 calculated by the PI q-axis current 
controller 3 and the rectangular wave voltage compensating 
phase 5 1 calculated by the 8 compensator 101. 

The structure of the 5 compensator 101 is now explained 

10 in detail . Based upon the relationship among the rectangular 
wave voltage phase 5 , the dq-axis voltage Vdq, the electrical 
angular speed coe of the motor 8 and the q-axis current iq 
expressed in (7), the compensation value 8 1 with which the 
rectangular wave voltage phase is to be compensated is 

15 determined through expression (12) below by approximating 
sin 5 to 8 and using the q-axis current command value iq*, 
the electrical angular speed coe of the motor and the dq-axis 
voltage Vdq. 

8 1 = Lqcoe-iq*/ Vdq (12) 
20 The dq-axis voltage Vdq in expression (12) can be determined 
based upon the DC source voltage (DC link voltage) Vdc at the 
inverter 5 and expression (6). 

It is to be noted that the motor control apparatus in 
the second embodiment assumes a structure identical to that 
25 of the motor control apparatus in the first embodiment shown 
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in FIG. 2 except for the structural change resulting from adding 
the 5 compensator 101 and the adder 102. Namely, the 
subtractor 2 and the PI q-axis current controller 3 determine 
the rectangular wave voltage phase 5 0 by implementing PI 
5 control so as to reduce the q-axis current deviation (iq* - 
iq) to 0. The pulse generator 4 generates a 3-phase 
rectangular wave voltage command for the 3-phase rectangular 
wave voltage to be applied to the motor 8 based upon the 
rectangular wave voltage phase 8 and the electrical rotational 

10 angle aye of the motor 8. The inverter 5 drives the motor 
8 by applying the 3-phase rectangular wave voltage with the 
phase 5 to the synchronous motor 8 . 

The motor control apparatus achieved in the second 
embodiment feeds back the q-axis current iq to the q-axis 

15 current command value iq* and determines the rectangular wave 
voltage phase 5 0 by implementing the PI control so as to reduce 
the q-axis current deviation ( iq* - iq) to 0 . The motor control 
apparatus also determines the compensating phase 5 'with which 
the rectangular wave voltage phase is to be compensated based 

20 upon the q-axis current command value iq*, the electrical 
angular speed we of the motor 8 and the dq-axis voltage Vdq 
by employing the feed-forward 5 compensator 101. Next, it 
calculates the rectangular wave voltage phase 8 by adding 
the compensating phase 5 1 to the rectangular wave voltage 

25 phase 5 0 having been calculated and thus generates the 3-phase 



12 



rectangular wave voltage with the phase 5 which is then applied 
to the motor 8. As a result, it improves the response of 
the q-axis current control when the control cycle is lengthened 
as well as achieving the advantages of the motor control 
5 apparatus in the first embodiment, 
(third embodiment ) 

FIG. 6 shows the structure adopted in the motor control 
apparatus in the third embodiment. It is to be noted that 
the same reference numerals are assigned to components similar 
10 to those in the motor control apparatuses shown in FIGS. 2 
and 5 to preclude the necessity for a repeated explanation 
thereof . 

A PI q-axis current controller 201 obtains a q-axis 
voltage command value vq*0 which will reduce the q-axis current 

15 deviation (iq* - iq) to 0 by executing PI control on the 
difference (iq* - iq) between the q-axis current command value 
iq* and the q-axis current iq ascertained by the subtractor 
2. A feed-forward vq compensator 202 calculates a 
compensating voltage vq*l with which the q-axis voltage command 

20 value vq*0 is to be compensated, based upon the q-axis current 
command value iq*, the electrical angular speed cue of the 
motor 8 and the dq-axis voltage Vdq. 

The structure of the vq compensator 202 is now explained 
in detail. The following expression (13) is derived from 

25 the relationship among the d-axis voltage vd, the q-axis 
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voltage vq and the dq-axis voltage Vdq illustrated in FIG. 

1 and expression (3). 

vq = V(Vdq 2 - Lq 2 iq* 2 coe 2 ) (13) 

The vq compensator 202 outputs the q-axis voltage vq calculated 
5 by using expression (13) as a q-axis compensating voltage 
command value vq*l. 

An adder 203 determines a q-axis voltage command value 
vq* as the sum of the q-axis voltage command value vq*0 
calculated by the PI q-axis current controller 201 and the 

10 q-axis compensating voltage command value vq*l calculated by 
the vq compensator 202. A voltage phase calculator 204 
calculates the rectangular wave voltage phase 5 through the 
following expression (14) by using the q-axis voltage command 
value vq* and the dq-axis voltage Vdq based upon the 

15 relationship illustrated in FIG. 1. 
5= cos" 1 (vq* / Vdq) (14) 

The rectangular wave voltage phase 5 calculated by the 
voltage phase calculator 204 is output to the pulse generator 
4 . The pulse generator 4 generates a 3-phase rectangular wave 

20 voltage to be applied to the motor 8 based upon the rectangular 
wave voltage phase 5 and the electrical rotational angle d e 
of the motor 8 . The inverter 5 drives the motor 8 by applying 
the 3-phase rectangular wave voltage with the phase 6 to the 
synchronous motor 8 . 

25 The motor control apparatus achieved in the third 
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embodiment calculates the voltage to be applied to the motor 
through the following method. First, the q-axis voltage 
command value vq*0 is determined by executing the PI control 
on the q-axis current deviation (iq* - iq) and the q-axis 
5 compensating voltage command value vq*l is calculated by the 
vq compensator 202 based upon the q-axis current command value 
iq*, the electrical angular speed coe at the motor 8 and the 
dq-axis voltage Vdq. Then, the compensating voltage command 
value vq*l is added to the q-axis voltage command value vq*0 

10 and thus, the q-axis voltage command value vq* is determined- 
Based upon the q-axis voltage command value vq* and the dq-axis 
voltage Vdq, the rectangular wave voltage phase 5 is calculated, 
and the 3-phase rectangular wave voltage with the phase 6 
is applied to the motor 8. As a result, the motor control 

15 apparatus in the third embodiment achieves the following 
advantages as well as advantages similar to those of the motor 
control apparatuses in the first and second embodiments. 
Namely, since the compensating voltage vq*l to be used to 
compensate the q-axis voltage command value vq*0 is calculated 

20 through feed-forward control, the response of the q-axis 
current to any changes in the rotational speed of the motor 
8 and the q-axis current command value iq* is improved. 

In addition, the motor control apparatus in the third 
embodiment, which determines the rectangular wave voltage 

25 phase 8 based upon the q-axis voltage vq and Vdq which is 
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calculated in correspondence to the DC source voltage (DC link 
voltage) Vdc at the inverter 5, is capable of controlling the 
q-axis current iq with fast response even when the DC source 
voltage (DC link voltage) Vdc at the inverter 5 fluctuates. 
5 In other words, better response in the torque control is 
achieved. 

Furthermore, since the PI q-axis current controller 201 
in the motor control apparatus in the third embodiment can 
be achieved by using a controller adopting a structure similar 

10 to the structure of a controller that implements regular vector 
control, the motor control apparatus in the third embodiment 
can be achieved with ease by modifying or improving on the 
motor control apparatus that implements standard vector 
control . 

15 (fourth embodiment) 

As explained earlier, expression (3) is obtained by 
approximating the circuit equation (in expression (1)) of a 
permanent magnet synchronous motor in the dq-axis coordinate 
system by assuming a restricted operating state for the motor, 

20 i. e.' , a state in which the motor is rotating steadily at 
high speed. By expanding expression (3), expression (15) 
and (16) below are obtained, 
vd = -Lq to e • iq (15) 
vq = Ldcoe ■ id +coe 0 (16) 

25 Namely, as expression (15) clearly indicates, when the motor 
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is rotating at high speed in a steady state, the q-axis current 
iq equivalent to the motor torque current can be controlled 
by using the d-axis voltage vd. 

Inaddition, as expression (16) indicates, when the motor 
5 is rotating at high speed in a steady state, the q-axis voltage 
vq can be reduced by reducing the d-axis current id. Also, 
the relationship between the d-axis voltage vd and the q-axis 
voltage vq illustrated in FIG. 1 clearly indicates, the d-axis 
voltage vd can be increased by lowering the q-axis voltage 

10 vq. Expression (15) indicates that the q-axis current iq 
can be increased by raising the d-axis voltage vd. In other 
words, as the d-axis current id is reduced, the q-axis current 
iq equivalent to the torque current increases . By using these 
relationships to advantage, the torque can be controlled with 

15 a higher degree of accuracy. 

The motor control apparatus in the fourth embodiment 
calculates the rectangular wave voltage phase 5 based upon 
the relationships described above . First, in a q-axis current 
feedback control system the d-axis current command value id* 

20 is determined through PI control executed on the q-axis current 
deviation (iq* - iq) with a control gain set at a negative 
value. Next, in a d-axis feed back control system the d-axis 
voltage command value vd* is determined by executing PI control 
on the d-axis current deviation (id* - id) , and the rectangular 

25 wave voltage phase 8 is determined based upon the d-axis 
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voltage command value vd* and the dq-axis voltage Vdq. 

FIG. 7 shows the structure adopted in the motor control 
apparatus in the fourth embodiment. It is to be noted that 
the same reference numerals are assigned to components similar 
5 to those in the motor control apparatuses shown in FIGS. 2, 
5 and 6 and the following explanation focuses on the difference 
from the previous embodiments. 

A PI q-axis current controller 301 calculates a d-axis 
current command value id*0 by multiplying the output obtained 

10 by executing PI control on the q-axis current deviation (iq* 
- iq) by a gain "-1". 

In addition, since the d-axis current command value id*0 
will be delayed if the q-axis current feed back control alone 
is executed, an id* compensator 302, which is a feed-forward 

15 compensator, is provided to compensate for the delay. The 
id* compensator 302 determines a compensating current id*l 
to be used to compensate the d-axis current command value id*0 
based upon the q-axis current command value iq* , the electrical 
rotational speed coe of the motor 8 and the dq-axis voltage 

20 Vdq. The following expression (17) is derived from the 

relationship among the d-axis voltage vd, the. q-axis voltage 
vq and the dq-axis voltage Vdq illustrated in FIG. 1 and 
expression ( 3 ) . 

id = 1 / Ld (-0 + V(Vdq 2 /coe 2 - Lq 2 iq 2 )) (17) 
25 The id* compensator 302 uses the q-axis current command value 
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iq* as a substitute for the q-axis current iq in expression 
(17) and outputs the d-axis current id resulting from the 
calculation as a d-axis compensating current command value 
id*l. 

5 An adder 303 determines the d-axis current command value 

id* by calculating the sum of the d-axis current command value 
id*0 calculated by the PI q-axis current controller 301 and 
the d-axis compensating current command value id*l calculated 
by the id* compensator 302. 

10 A subtractor 304 and a PI d-axis current controller 305 

implement feedback control on the d-axis current id. It is 
to be noted that the d-axis current id and the q-axis current 
iq are obtained by executing a coordinate conversion on the 
3-phase AC currents iu, iv and iw based upon expression (8) . 

15 The coordinate conversion is executed by the dq <- 3-phase 
converter 11. 

The subtractor 304 calculates the difference (id* - id) 
between the d-axis current command value id* and the d-axis 
current id. Next, the PI d-axis current controller 305 
20 determines a d-axis voltage command value vd*0 by executing 
PI control so as to reduce the d-axis current deviation (id* 
- id) to 0. 

Since the voltage generated by the q-axis current acts 
as a disturbance factor in the d-axis current control, a 
25 non-interactive controller 306 is provided to compensate for 
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the disturbance voltage . The non-interactive controller 306 
calculates the d-axis voltage vd by using expression (15) based 
upon the q-axis current command value iq* and the electrical 
angular speed we of the motor 8 and outputs the d-axis voltage 
5 vd as a compensating voltage vd*l with which the d-axis voltage 
command value vd*0 is to be compensated. An adder 308 
calculates the d-axis voltage command value vd* by adding the 
d-axis compensating voltage vd*l calculated by the 
non-interactive controller 306 to the d-axis voltage command 

10 value vd*0 calculated by the PI d-axis current controller 305 . 
A voltage phase calculator 307 calculates the 
rectangular wave voltage phase 8 through the following 
expression (18) based upon the d-axis voltage command value 
vd* and the dq-axis voltage Vdq having the relationship 

15 illustrated in FIG. 1. 

8 = sin -1 (-vd*/Vdq) (18) 

The rectangular wave voltage phase 5 calculated by the 
voltage phase calculator 307 is output to the pulse generator 
4 . The pulse generator 4 generates a 3-phase rectangular wave 

20 voltage to be applied to the motor 8 based upon the rectangular 
wave voltage phase 5 and the electrical rotational angle 6 e 
of the motor 8 . The inverter 5 drives the motor 8 by applying 
the 3-phase rectangular wave voltage with the phase 8 to the 
motor 8. 

25 The motor control apparatus in the fourth embodiment 
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ensures that the q-axis current iq conforms to the command 
value iq* by controlling the phase 8 of the rectangular wave 
voltage. As a result, the motor torque can be controlled 
with a high degree of accuracy and, at the same time, the motor 
5 torque response is improved. 

The extent to which the q-axis current iq changes 
relative to the d-axis current id is smaller than the extent 
to which the d-axis current id changes relative to the q-axis 
current iq. Based upon this premise, the q-axis current iq 

10 at the motor being driven in a steady state can be sustained 
with a high degree of stability and accuracy by executing a 
feed back control of the d-axis current id when the detected 
current contains noise or when a current ripple is detected. 
At the same time, since the extent to which the q-axis current 

15 iq changes is not as significant as the change in the d-axis 
current id, the id* compensator 302 and the non-interactive 
controller 306 explained earlier are needed to improve the 
response of the q-axis current iq. 

Furthermore, since the PI d-axis current controller 305 

20 and the non-interactive controller 306 in the motor control 
apparatus in the fourth embodiment can be achieved by using 
controllers adopting a structure similar to the structure of 
the controller that implements regular vector control, the 
motor control apparatus in the fourth embodiment can be 

25 achieved with ease by modifying or improving on the motor 
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control apparatus that implements standard vector control. 

FIG . 8 presents the results of a torque response 
simulation executed by using the motor control apparatus 
achieved in the fourth embodiment . As the simulation results 
5 clearly indicate, the motor torque is made to conform to the 
command value with a high degree of accuracy even though the 
motor torque contains a torque ripple . 

The above described embodiments are examples, and 
various modifications can be made without departing from the 

10 spirit and scope of the invention. For instance, an 

explanation is given above in reference to the first to fourth 
embodiments on an example in which the circuit equation of 
the motor in the dq-axis coordinate system is approximated 
by restricting the motor operating state to a high-speed steady 

15 state and the rectangular wave voltage drive is implemented 
based upon the approximated expression (see expression (3) ) . 
While the motor may be driven with the rectangular wave voltage 
described above alone, it is more desirable to switch to the 
sine wave PWM voltage drive in the related art to control the 

20 motor when the motor is rotating at low speed. The sine wave 
PWM voltage drive control and the switching control between 
the sine wave PWM voltage drive and rectangular wave voltage 
drive should be implemented through any of the various control 
methods proposed in the related art. 

25 Moreover, while the PI q-axis current controllers 2, 
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201 and 301 implement PI control on the q-axis current deviation 
(iq* - iq) , PI D control may be executed instead of the PI control . 

The disclosure of the following priority application 
is herein incorporated by reference: 

Japanese Patent Application No. 2003-78181 filed March 20, 
2003 
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